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ABSTRACT 80 

 81 

BACKGROUND: 82 

Unique aspects of military service put our nation’s military at increased risk for 83 

injury that may not already be captured in the FMS and other injury prediction tools.  84 

The Musculoskeletal Readiness Screening Tool (MRST) was developed to combine 85 

evidence from physical performance tests used to predict injury and tasks unique to 86 

military personnel.  Tests include the weight bearing forward lunge, modified deep 87 

squat, closed kinetic chain upper extremity stability test (CKCUEST), forward step 88 

down with eyes closed, stationary tuck jump, unilateral wall sit hold, and individual 89 

perceived level of risk for injury.  The Feagin hop and self-reported history of injury 90 

were added to the screen. 91 

 92 

PURPOSE:  93 

To examine whether MRST scores, as a composite or further broken down into 94 

individual components, were predictive of a United States Military Academy 95 

Preparatory School (USMAPS) cadet candidate sustaining a future musculoskeletal 96 

injury.   97 

 98 

METHODS:  99 

MRST scores were collected for 141 cadet candidates (mean age 18.63 ±1.31) at 100 

USMAPS.  Injuries were tracked for the academic school year.  Preparatory cadets 101 

participated in military specific training and various sports.  After 9 months, mean 102 



scores were compared between injured and uninjured groups, a ROC curve analysis, 103 

and a logistic regression model was analyzed.  104 

 105 

RESULTS:   106 

Seventy preparatory cadets sustained an injury.   Top sports resulting in injury 107 

included football (36%) and basketball (11%) with injuries predominantly in the 108 

lower extremity including the knee (24%), hip (15%), and ankle (14%).  Composite 109 

MRST scores were no different between injured (10.83) and uninjured (10.93) 110 

groups (p=0.78), 95% CI (-0.64, 0.85).  No association observed for those with a 111 

personal concern for future injury and actual injury (p=.13), (df=2), 95% CI (-0.3, 112 

0.04).  However, there was an association between those reporting a previous injury 113 

in the previous 12 months and those incurring an injury at USMAPS (p=.04), (df=1), 114 

95% CI (-0.3, -0.01).  A score of ≤12 revealed a sensitivity of .50, specificity of .57, 115 

+LR 1.17, and –LR .89.  The ROC area under the curve was .53 with 95% CI(0.44, 116 

0.63). 117 

 118 

CONCLUSION:   119 

While the 6 components of the MRST were not predictive of injury in this military 120 

academy prep school population, previous injury was the only significant injury 121 

predictor. 122 

 123 

 124 

 125 



INTRODUCTION 126 

Musculoskeletal injuries pose the greatest threat to military readiness during 127 

both peacetime and combat operations.8,22  Many of the musculoskeletal injuries are 128 

a direct result of participation in sports and physical training.8  Injuries observed in 129 

military service are consistent with those incurred by professional athletes and the 130 

subsequent demands put on the military healthcare system are tremendous.  In the 131 

active component of the U.S. Armed Forces, there were 3.6 million injury related 132 

encounters in 2014 alone.5   In 2014, back pain and other musculoskeletal injuries 133 

resulted in 1.7 million medical encounters-the leading cause of medical care visits in 134 

active duty military.5  There is a strong relationship between lost work time 135 

attributable to conditions associated with medical encounters.5  With the financial 136 

and manpower drawdown of recent years, musculoskeletal injuries pose an 137 

increased burden on the readiness of the U.S. military.28 138 

Physical training is performed regularly across the military population.  For 139 

females, physical training represented the most common cause of musculoskeletal 140 

injuries.22,33 For males, physical training closely followed basketball, football, and 141 

softball as the most often reported cause of such injuries.22  Safety data collected 142 

from the US Air Force revealed  the most common injurious events reported 143 

between 1993 and 2002 were motor vehicle-related injuries followed closely by 144 

sports-related injuries.8  Prevention of these sports and physical training injuries is 145 

a top priority for leaders in the Department of Defense.8 146 

Currently, there is an abundance of literature aimed at identifying physical 147 

and mental (actual and perceived) factors that may predict future injury.  For 148 



example,  prior injury, impaired strength and neuromuscular control are associated 149 

with increased risk for second injury after anterior cruciate ligament restriction in 150 

athletes.27  However, no existing standard physical performance exam can 151 

accurately predict future injury for various athletes and occupations.  As a result, 152 

sports health professionals and military clinicians treating previously injured 153 

athletes are left to use time-based protocols and expert opinion to guide their 154 

decision making process.   155 

Injury risk is multi-factorial.  A self-report survey collected on 625 females in 156 

the military revealed that the best combination of predictors of injury included 157 

those lower in rank, a history of injury, reduced weekly frequency of units runs, and 158 

increased weekly frequency of personal resistance training.33  The strongest 159 

predictor of injury in male athletes at 12 months and 5 years was reporting previous 160 

lower extremity injury.  Prior lower extremity injury was the strongest predictor of 161 

injury at 12 months for females.18 Greater long distance training per week was a risk 162 

factor for males while previous injury was a risk factor for both males and females.15  163 

Previous ACL reconstruction to either knee, poor hop test symmetry, subjective 164 

knee function, and negative psychological responses were associated with the 165 

inability to return to pre-injury levels of sport.1  There appears to be a strong 166 

positive correlation of injury occurrence with athletes undergoing greater degrees 167 

of stress, whereas athletes with increased optimism toward their activity were less 168 

likely to sustain an injury.37  A systematic review in 2005 reported psychological 169 

factors may increase the likelihood of sport injury. 3  Also, fear of re-injury 170 



negatively influences the ability to return to play after ACL reconstructive surgery.24  171 

Self-confidence and psychological influences effect sport injury risk.1,36,39 172 

A number of individual physical performance measures have been reported 173 

and may play a promising role in predicting future injury.10,13,17  Further research on 174 

their predictive utility when used in isolation and in combination is needed.  In the 175 

lower extremity, decreased weight bearing ankle dorsiflexion was associated with 176 

lower extremity injury.10,11,13,17   Lack of weight-bearing dorsiflexion may impair, 177 

proprioceptive input,  balance and appears to have a significant correlation with 178 

performance on the star excursion balance test.17  Clanton et al found that four 179 

functional tests can assess whether an athlete is ready to return to play: ankle 180 

dorsiflexion lunge, the star excursion balance test, agility T-test, and the vertical 181 

jump test.10 182 

Jumping, a movement routinely performed in multiple sports, requires both 183 

strength and neuromuscular control to perform without an increased risk of non-184 

contact injury.  It’s postulated that hip abduction strength may play an important 185 

role in control of the knee.19  Women demonstrate lower hip abductor peak torque 186 

and increased knee valgus peak joint displacement when landing from a vertical 187 

jump.19  Increased knee valgus upon landing and asymmetries in landing techniques 188 

between the legs are both predictors of ACL injury.25  189 

Several studies investigate the effects of faulty movement and injury 190 

prediction for the lower extremity.  In 2006, active duty service members reported  191 

743,547 musculoskeletal injuries.  Injuries involving the spine and lower extremity 192 

were nearly equal at 40% and 39% of the total injuries, respectively.16  In 2012, 83 193 



NCAA Division I football players participated in a survey to assess low back, knee, 194 

and ankle function, in addition to performing multiple assessments of core muscle 195 

endurance.  High game exposure, low trunk-flexion hold time, high Oswestry 196 

Disability Index scores, and reduced wall-sit hold time were the best combination of 197 

injury predictors.40 Currently, there is limited research on the validity of the wall sit 198 

test, but healthcare providers can’t exclude the potential for this test to help predict 199 

lower extremity and back injury without further investigation. 200 

The lower extremity and trunk are certainly not the only areas that are 201 

susceptible to injury.  Nine percent of all active duty military, non-deployed 202 

musculoskeletal injuries were in the upper extremity;16 Sixty-three percent of these 203 

injuries in the upper extremity were in the shoulder.16  Currently there are 204 

functional tests aimed at predicting injury in the upper quarter including, but not 205 

limited to, the upper quarter Y balance test (YBT-UQ), the Closed Kinetic Chain 206 

Upper Extremity Stability Test (CKCUEST), and tests within the Functional 207 

Movement Screen (FMS™) that incorporate upper extremity evaluation.  The upper 208 

quarter Y balance test can be conducted in the field setting and has been found to be 209 

a reliable test, but requires additional equipment.6 210 

While individual physical performance measures have been positively 211 

associated with injury prediction, evidence also exists that a combination of 212 

functional tests can predict future injury.9,10,23  The Functional Movement Screen 213 

(FMS™) is a tool that evaluates seven basic movement patterns to screen for 214 

likelihood of future injury.  An individual composite score of less than or equal to 14 215 

indicates a four-fold increase in lower extremity injury.9  The FMS™ predicts injury 216 



for certain cohorts of individuals in rescue services and in the military.7,23,29  In a 217 

recent study, firefighters performed the FMS™ and firefighter-specific testing.  Two 218 

of the musculoskeletal movement variables were predictive of injury: the deep 219 

squat and push-up.  FMS™ scores of <14 have resulted in a sensitivity of 0.83, a 220 

specificity of 0.62, and a positive predictive value of 85.7%.7  A cohort of 874 Marine 221 

Corps officer candidates performed the FMS™ along with answering a questionnaire 222 

and taking a physical fitness test (PFT).  Poor run-time on the PFT and poor 223 

performance on the  FMS™  together combined for increased predictive validity for 224 

injury in the Marine population..23 225 

However, not everyone concludes that the FMS™ accurately predicts injury.  226 

Warren et al. found that the FMS™ is a poor predictor of non-contact and overuse 227 

injuries.38  For high school athletes, a study with a large sample size found no 228 

significant associations were found between total FMS™ scores and injury status.2  229 

FMS™ scores were no different for female soldiers serving in the Israel Defense 230 

Forces that incurred an injury versus those that did not.20  Previous studies have 231 

shown that a score of 14 or less predicted future injury occurrence; this was not the 232 

case for a cohort of major junior hockey players.12   The FMS™ also requires use of a 233 

test kit costing approximately $180.  The expense combined with the burden of 234 

additional equipment makes this a less desirable measure of injury prediction in a 235 

field or deployed setting. 236 

Although research to date to some degree supports the use of individual tests 237 

and the FMS™ to predict future injury, unique aspects of military service put our 238 

service members at increased risk for injury that may not already be captured in the 239 



FMS™ and other injury prediction tools.  For example, many military specialties 240 

perform their duties during nighttime environmental conditions.  None of the 241 

measures previously identified examine effects of decremented vision while 242 

performing physical tasks.  Under blindfolded conditions, landings from heights 243 

ranging from 0.2-0.8 meters result in a 10% greater ground reaction force thereby 244 

demonstrating the importance of vision to accurately time muscle activity.34  245 

Subjects tend to support their body weight on their trail leg when performing the 246 

step down with vision occluded thereby reducing the peak ground reaction force 247 

(GRF).  Air Assault Soldiers performed two-legged drop landings with and without 248 

vision; simulated night time operation conditions changed the landing 249 

characteristics that potentially increase injury risk.30 250 

Combining the evidence synthesis from physical performance tests with at 251 

least moderate predictive validity for musculoskeletal injury with a basic military 252 

task analysis, Thelen et al. developed a return to duty screening tool consisting of  253 

six specific functional movements and one subjective question. Due to reliability 254 

concerns this screening tool was subsequently modified and is  referred to as the 255 

Musculoskeletal Readiness Screening Tool (MRST).  The components of the MRST 256 

include the weight bearing forward lunge, the modified deep squat, the Closed 257 

Kinetic Chain Upper Extremity Stability Test (CKCUEST), the forward step down 258 

with eyes closed, the stationary tuck jump, the unilateral wall sit hold, and 259 

individual perceived level of risk for musculoskeletal injury.  The purpose of this 260 

study was to explore whether MRST scores, as a composite or further broken down 261 

into individual components, were predictive of a United States Military Academy 262 



Preparatory School (USMAPS) cadet candidate sustaining a future musculoskeletal 263 

injury.  We hypothesized that subjects with a lower MRST composite score would 264 

have a greater likelihood of sustaining a musculoskeletal injury.    265 

 266 

METHODS 267 

Study design and subjects.   268 

This was a prospective cohort study approved by the Institutional Review 269 

Board at Keller Army Community Hospital, West Point, NY.  Two hundred thirty-270 

seven United States Military Academy Preparatory School cadet candidates were 271 

briefed during the first week of attendance regarding the study, including 272 

procedures, benefits, and risks.  One hundred forty-one participants volunteered for 273 

this study (age 18 ± 1.31).  Enrollment and data collection occurred over the course 274 

of three days.  All investigators wore civilian clothes without rank identified to help 275 

minimize any coercion effect.  Participants provided written informed consent and 276 

Health Insurance Portability and Accountability Act authorization, permitting the 277 

use of protected health information for research.  After volunteering, participants 278 

proceeded directly to the health and injury history questionnaire and completed the 279 

MRST.  Injury data were collected over the course of the 9 month academic school 280 

year. 281 



Figure 1. Subject Flowchart282 

 283 
  284 
Musculoskeletal Readiness Screening Tool 285 

The MRST is a screening tool composed of six functional movements.  For the 286 

purposes of this study, an additional movement and two questions regarding the 287 

subject’s perceived level of risk of injury and prior reported musculoskeletal injury 288 

were also reported.  Collectively, the special tests are designed to briefly assess 289 

overall physical function in both the open and closed kinetic chain, as well as, self-290 

perception regarding the possibility of a future injury.  Tests are scored on a 0-2 291 

ordinal scale and include the weight bearing forward lunge, the modified deep 292 

squat, the closed kinetic chain upper extremity stability test (CKCUEST), the forward 293 

step down with eyes closed, the stationary tuck jump, the Feagin hop, the unilateral 294 

wall sit hold, and individual perceived level of risk for musculoskeletal injury.  A 295 

score of 2 indicates the subject was able to perform the movement correctly and 296 



without pain.  A score of 1 indicates that only part of the movement was complete 297 

and the subject performed the movement without pain.  A score of 0 indicates that 298 

the subject had pain with the movement or had a bilateral deficiency on the weight-299 

bearing lunge forward lunge. The individual prior injury subjective component is 300 

scored on a 0-1 ordinal scale.  A score of 1 indicates no prior injury whereas a score 301 

of 0 indicates prior injury.  For personal concern of future injury, a score of 2 302 

indicates no concern, a score of 1 indicates mild to moderate concern, and a score of 303 

0 indicates significant concern for injury. 304 

 The weight bearing forward lunge test was performed in barefoot or 305 

stocking-foot (whichever is appropriate) conditions.  Participants assumed a 306 

shoulder-width staggered stance position with two fingers touching the wall, as a 307 

balance aid only, and the tip of the forward great toe 12cm from the wall.  The 308 

subject lunged forward attempting to keep the front heel on the ground.  The 309 

participant received 2 points for bilateral patellae contacting the wall and the great 310 

toe positioned 12cm or greater away from the wall.  One point was awarded for 311 

unilateral achievement and 0 points if the test was painful or the subject was unable 312 

to complete the test.  The investigator measured the distance from the great toe to 313 

the wall in the event the subjects were unable to meet the standard.  Measurement 314 

of weight bearing dorsiflexion has been found to be reliable for novice and expert 315 

testers.4,21   316 

 The modified deep squat was initiated with the participant standing barefoot 317 

and the shoulders abducted and elbows flexed to 90 degrees.  With the toes facing 318 

directly forward, the subject attempted to squat low enough for the thighs to break 319 



parallel with the floor.  2 points were received for an upper torso that remained 320 

parallel with the tibia or vertical, arms in line with the torso, femur below 321 

horizontal, and the knees aligned over the feet.  Failure to meet any of the criteria 322 

listed resulted in one point, and 0 points if the test was painful. 323 

 The closed kinetic chain upper extremity test (CKCUEST) required the 324 

subject to assume a push-up position with the shoes on.  Males started in the push-325 

up position and females began in the kneeling push-up position.  With the back 326 

slightly inclined in relation to the floor and the hands 36 inches apart, the subject 327 

leaned over to touch one hand on the other and then returned the hand to the 328 

starting position.  Tape marked the starting position and a towel was placed under 329 

the knees for comfort.  This was repeated quickly and 2 points were awarded for 20 330 

repetitions, 1 point for less than 20 repetitions, and 0 points awarded if the test was 331 

painful regardless of the number of repetitions completed.  The CKCUEST has a high 332 

test-retest reliability and interrater reliability is excellent.32,35  It is significantly 333 

correlated with both left and right side injuries.  It has a sensitivity of 0.83, a 334 

specificity of 0.79, and odds ratio of 18.75 in determining a shoulder injury using a 335 

score of 21 touches.31 336 

 The forward step down with eyes closed began with the now shod subject 337 

standing on a standard 8-inch step with the feet approximately shoulder width 338 

apart.  The subject held two hardcover textbooks, weighing approximately 15 339 

pounds, at navel level with the eyes closed.  The subject stepped down with one leg 340 

at a time while the investigator stood in front of the subject for safety.  2 points were 341 

awarded if the subject kept the eyes closed and there was no deviation of the lower 342 



extremities in the frontal plane.  1 point was awarded if the eyes opened, a loud foot 343 

landing, or any frontal plane deviation was noted.  Finally, 0 points were awarded if 344 

the test was painful. 345 

 The stationary tuck jump involved the subject standing with feet shoulder 346 

width apart, arms at the side in an athletic crouched position.  The subject initiated a 347 

jump with arms extended behind the subject and while swinging the arms forward 348 

the subject jumped vertically, pulled the knees up as high as possible and then 349 

attempted to land softly in the same position.  This was repeated quickly three times 350 

such that each jump occurred immediately upon landing from the preceding jump.  351 

If the subject could perform 3 jumps with thighs at least oriented 45 degrees in the 352 

coronal axis, landing in the same position with a soft landing 2 points were awarded.  353 

1 point was awarded if the subject did not meet the criteria, and 0 points awarded if 354 

the test was painful.  The tuck jump assessment has been shown to be an easily 355 

performed test to identify high risk landing mechanics.25,26 356 

 The unilateral wall sit hold required the subject to stand with body weight 357 

evenly distributed between both feet, feet shoulder width apart, with the shoes on.  358 

The back was pressed against the wall with the hips and knees flexed to create an 359 

angle between the wall and thigh at 45 degrees.  The arms hung vertically and then 360 

the subject lifted one foot such that it was 1-2 inches off the floor.  The investigator 361 

started the stopwatch and then stopped at 30 seconds or when the athlete could not 362 

sustain the test position.  1 minute of rest was followed by testing of the 363 

contralateral limb.  2 points were awarded for maintaining the test position for 30 364 



seconds bilateral.  Only 1 point was awarded for holding less than 30 seconds on 365 

either extremity and 0 points awarded if the test was painful. 366 

 The Feagin hop test involved the subject standing directly on a line with the 367 

non-test lower extremity held in slight knee flexion with the shoes on.  The subject 368 

performed a maximum effort vertical hop..  This was performed twice on each leg.  369 

Two points were awarded for landing in the same position with a soft landing and 370 

no frontal plane deviation bilateral.  Only 1 point was awarded if the subject did not 371 

meet all criteria above and 0 points awarded if the test was painful.  372 

Before participating in this research project, all investigators completed 2 373 

hours of training during a mock performance performed 2 days prior to initial data 374 

collection.  For each day, the research team set up 9 stations; one designated for 375 

check-in, seven stations designated for physical performance measures, and the last 376 

for check-out.  The same co-investigator manned each station for each day of data 377 

collection while the primary investigator monitored each station for correct 378 

performance and subject questions.  The investigators were all licensed physical 379 

therapists with 6 of the 7 therapists certified in orthopedics or sports physical 380 

therapy from the American Board of Physical Therapy Specialties.  There was a 381 

combined experience of 74 years(mean 10.6 years).   382 

Questionnaire   383 

Participants completed a questionnaire to assess their history of previous 384 

injury and other descriptive information.  The first question asked, “Have you 385 

experienced a prior injury that limited your participation in athletics or daily 386 

activity for more than seven days within the last 12 months?”  Response categories 387 



were “yes” or “no”.  1 point was awarded for the answer no and 0 points awarded 388 

for answering yes.  The follow-on question asked, “If you answered yes for question 389 

#1, please identify the following from your prior injury by circling the answer that 390 

best fits your injury.”  “Was the injury on your left or right?”  “The injured body part 391 

was the head, arm, leg, back, or chest/torso?”  “The injury occurred during contact 392 

or non-contact sport?”  Next, the subject’s personal concern for injury was asked 393 

with this question: “How would you describe your personal concern for sustaining a 394 

musculoskeletal injury within the next nine months?”  Responses included, “no 395 

concern for injury, mild to moderate concern for injury, or significant concern for 396 

Injury.”  2 points were awarded for no concern for injury.  1 point was awarded for 397 

mild to moderate concern for injury and 0 points awarded for significant concern 398 

for injury.  Age in years, height in inches, weight in pounds, and gender were 399 

recorded next.  Finally, subjects were asked the following question, “How would you 400 

classify yourself?”  Responses included, “Arab, Asian/Pacific Islander, Black, 401 

Caucasian/White, Hispanic, Multiracial, and Other.” 402 

 403 

Documentation 404 

 All health related records were stored in three primary locations including 405 

the paper-based local athletic training record, and two automated medical 406 

documentation systems: the Cadet Illness and Injury Tracking System (CIITS), and 407 

the Armed Forces Health Longitudinal Technology Application (AHLTA).  All 408 

medical encounters were reviewed initially by the principal investigator.  In a 409 

separate meeting, the United States Military Academy Preparatory School (USMAPS) 410 



two certified athletic trainers and principal investigator collected all injury 411 

documentation occurring from August 2014 through May 2015.  Similar to 412 

Garrison’s study investigating injury prediction14, injury was defined as an event 413 

that resulted in physical impact to the body during the academic school year, the 414 

injury required the subject to seek medical care from an athletic trainer, physician, 415 

or physical therapist, and the injury resulted in modification of activity for a 416 

minimum of 24 hours.  The following details regarding each injury occurrence were 417 

recorded:  contact or non-contact mechanism,  traumatic or atraumatic, exact 418 

anatomic location(s), diagnosis, activity or sport mechanism of injury, and finally 419 

the number of lost duty days. 420 

 421 

Data Analysis  422 

MRST means scores were compared between injured and uninjured groups 423 

via the T-test.  To determine if a threshold value emerged from the data, a receiver-424 

operator characteristic (ROC) curve was generated.   All potential MRST composite 425 

scores were evaluated to see if any score would be associated with the greatest 426 

degree of both sensitivity and specificity.  Several elements of the data were 427 

analyzed including total MRST score, history of past injury, and a personal concern 428 

of injury.  Odds ratios, sensitivity, specificity, and likelihood ratios were calculated 429 

for each of these conditions.  To determine if the MRST could predict future injury, 430 

logistic regression models were performed.  Predictor variables were determined by 431 

analyzing individual component scores on the MRST, the composite MRST score, 432 



past history of injury, and personal concern for injury.  Data analysis was performed 433 

using R Core Team 2015 v 3.1.1. (R Foundation; Vienna, Austria). 434 

 435 

RESULTS 436 

One hundred thirty-three participants were included in the final data 437 

analysis.  Eight participants were lost to follow-up because they left the academy for 438 

personal reasons.  Mean age was 18.63 (±1.31), mass 81.04kg (±16.98), and height 439 

177.46cm  (±10.21).  One hundred ten (83%) of the subjects were male.    Forty-one 440 

percent of the subjects were self-reported Caucasian/white, 38% black, and 12% 441 

multiracial.    Seventy preparatory cadets sustained an injury and sixty-three did not 442 

sustain an injury during the nine month 2014-2015 academic school year.  The top 4 443 

activities resulting in injury were: football (36%), basketball (11%), free time 444 

(11%), and track (10%).  Injuries predominantly occurred at the knee (24%), hip 445 

(15%), and ankle (14%).   446 

 447 
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Figure 2. USMAPS Injuries By Sport 465 
 466 
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 493 
Figure 3. USMAPS Injuries By Body Region 494 
 495 

 496 

 497 

The mean MRST composite score for the injured group was 10.83 and for the 498 

uninjured group 10.93.  Comparing these means with an independent t-test resulted 499 

in no statistical significant difference between the two groups (p=.78), 95% 500 

confidence interval (-0.64, 0.85).  No statistical difference was observed between 501 

composite MRST scores for overuse injury at 12.54 to the uninjured and acute injury 502 

groups at 12.64 (p=.85),  with 95% confidence interval (-0.94, 1.13).   503 

The impact of prior injury and personal concern for injury had on future 504 

injury was also investigated.  Using the Pearson’s Chi-Squared Test there was a 505 

significant association between those reporting a prior injury and those incurring a 506 

USMAPS-United States Military Academy Preparatory School 



future injury (p=.04)No significant association was observed between those with a 507 

personal concern for future injury and those actually incurring a future injury 508 

(p=.13).   509 

Sensitivity and specificity were calculated based on composite MRST score.  510 

With a score of ≤11, sensitivity was .30, specificity .73, positive likelihood ratio(+LR) 511 

1.11, and negative likelihood ratio (-LR) .96.  A score of ≤12 revealed a sensitivity of 512 

.50, specificity of .57, +LR 1.17, and –LR .89.  The receiver operating characteristic 513 

area under the curve was .53 with 95% confidence interval (0.44, 0.63). 514 

 515 

Table 1. USMAPS Pearson’s Chi-Square Test for Self Reported Prior Injury and 516 
9 Month Follow-Up Injury 517 
 Uninjured Injured P-value df 95% CI 

Prior Injury 11 23 0.04 1 -0.34, -0.01 
No Prior Injury 52 47  

 518 
 519 
Table 2. USMAPS Pearson’s Chi-Square Test for Self Reported Concern For 520 
Injury and 9 Month Follow-Up Injury 521 
 Uninjured Injured P-value df  95% CI 

Concern 2 1 0.13 2 -0.3, 0.04 
Some Concern 21 37  
No Concern 40 32   

 522 
 523 
Table 3. Sensitivity and Specificity Calculations 524 
 Sensitivity Specificity Positive 

Likelihood 
Ratio 

Negative 
Likelihood 
Ratio 

MRST ≤11 0.30 0.73  1.11  0.96 
MRST ≤12 0.50 0.57 1.17 0.89 
Previous 
History of 
Injury 

0.33 0.83 1.88 0.81 

 525 
 526 
 527 
 528 



Table 4. Data For The MRST With Different Cutoff Points 529 
 530 
Cutoff Point Sensitivity Specificity 
17 1 0 
16 0.99 0.05 
15 0.93 0.10 
14 0.79 0.21 
13 0.64 0.41 
12 0.50 0.57 
11 0.30 0.74 
10 0.17 0.86 
9 0.07 0.92 
8 0.04 0.95 

 531 
 532 
 533 
Table 5. Receiver Operating Characteristics (ROC) Curve 534 
Area 95% CI 
0.53 0.44, 0.63 

CI: Confidence Interval, Area: Area Under The Curve 535 

 536 
Figure 4. Receiver Operating Characteristics (ROC) Curve  537 
For The Musculoskeletal Readiness Screening Tool (MRST)  538 
Scores at Different Cutoff Points 539 
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Odds ratios compared the predictive power of the MRST composite scores 542 

and prior injury.  The odds ratio was 2.31 (1.02, 5.25) for prior injury.  The odds 543 

ratios were 1.16 (0.55, 2.47) and 1.33 (0.67, 2.64) for a composite MRST score of 544 

less than 11 and 12, respectively. 545 

 546 

Table 6. Odds Ratios and Confidence Intervals 547 
 Odds 

Ratio 
95% 
Confidence 
Interval 

MRST ≤11 1.16 0.55, 2.47 

MRST ≤12 1.33 0.67, 2.64 

Previous 
History of 
Injury 

2.31 1.02, 5.25 

MRST-Musculoskeletal Readiness Screening Tool 548 
 549 

 550 

Discussion 551 

This is the first prospective screening study examining a large cohort of 552 

young, athletic participants with the recently proposed MRST.  The results indicate 553 

that a cut-off score of 12 maximizes specificity and sensitivity.  While individual 554 

components of the MRST have shown to be correlated with future injury, the 555 

combination of individual tests did not effectively predict injury in this cohort. 556 

Multiple studies show that a history of previous injury is the strongest 557 

individual predictor of future injury.17,18,21,38  This was consistent with the results of 558 

this study.  The odds ratio of 2.31 (1.02, 5.25) for prior injury demonstrates that a 559 

preparatory cadet with a history of a prior injury in the previous 12 months has 560 

more than two times greater chance of injury than a preparatory cadet without a 561 



prior injury.   562 

It is important to understand this population is unique and the results may 563 

not be generalizable to others.  A typical week for this cohort involved daily physical 564 

training for 9 months, various athletic sport practices, and military marching with 565 

and without a rucksack.  The combination and variety of these physical demands 566 

potentially increases their exposure to injury.  Higher levels of physical fitness 567 

protect against injuries, but more physical training also causes higher injury rates.28   568 

Careful attention was placed on ensuring injuries were documented in the 569 

USMAPS injury tracking system, athletic training records, and the electronic military 570 

health record.  It is possible that injuries were over-reported compared to other 571 

studies secondary to the careful documentation by medical staff.  Sensitivity and 572 

specificity were calculated based on MRST score.  A USMA preparatory cadet that 573 

reported a previous injury had an 83% chance of sustaining an injury.  The ROC 574 

curve analysis demonstrated that a composite score of 12 out of 17 points has the 575 

best balance between sensitivity and specificity for this screening tool in this 576 

population.  Given the area under the curve, we can accurately predict future injury 577 

only 53% of the time, which was essentially no better than chance.  The odds ratio of 578 

1.16 (0.55, 2.47) and 1.33 (0.67, 2.64) for a composite MRST score of less than 11 579 

and 12 respectively, demonstrates that a preparatory cadet with these scores has 580 

16% and 33% increased chance of injury than a preparatory cadet with a higher 581 

score. 582 

Musculoskeletal injuries represented the leading cause of medical care visits 583 

across the military.28  Physical training and sports are the main cause of non-battle 584 



injuries, 56% a direct result of physical training.  This is consistent with the injuries 585 

reported in this training environment with 53% resulting in injury.  Similar to 586 

recent studies examining hospitalizations as a result of Air Force and Army injuries 587 

related to sports and physical training, basketball, football, and softball were the 588 

most common sports associated with injury.22  This was similar to the results of this 589 

study with football, basketball, and free time ranking the three most common 590 

activities associated with injury.   Also similar to Lauder and colleagues,22 the top 591 

injuries directly involved the lower extremity with the knee being the most common 592 

site of injury. 593 

 Previous investigators have observed that causative psychological factors 594 

and the fear of re-injury influence return to play and injury risk.1,36,37  However, in 595 

this current population we did not find fear of injury to be an injury predictor.  Thus 596 

far individual tests have been positively associated with predicting injury.  The FMS 597 

has shown to predict injury in various settings including the young athletic 598 

population similar to this one.  Although the MRST did not predict injury in this 599 

population, the MRST may be useful in predicting injury outside of a basic cadet 600 

training environment.  Various units in the military participate in physical activity 601 

regularly, without the daily sport activity frequently encountered in a preparatory 602 

school.  Evaluating the predictive abilities of the MRST in other military units will 603 

help determine its utility in the military. 604 

 This study has some limitations which should be taken into consideration..  605 

First, this study is descriptive in nature; Exposure to specific physical training was 606 

not controlled for nor was the exposure to specific sports.  Also, hours spent with 607 



each sport were not accounted for.   Understanding the exposure to training and the 608 

participants’ prior fitness levels may help account for the amount of risk the 609 

subjects were exposed to and allow for a more accurate comparison of exposure to 610 

other studies.  It is important to note this is not representative of the USMA 611 

population, but rather the USMAPS.  Finally, although the investigators are all 612 

physical therapists, the reliability of the MRST in this configuration has not been 613 

reported, further limiting the application of the results.   614 

 The results of this study provide valuable information to clinicians.  It is clear 615 

that a prior history of injury continues to be a strong risk factor for injury. Although 616 

the MRST did not predict injury, it still provided information on the incidence of 617 

injury, the sports most commonly associated with injury, and the incidence of injury 618 

according to body location in this select population.   619 

 620 

CONCLUSION 621 

 This study contributes to the current research investigating functional 622 

movement and screening tools used to predict future injury.  It also adds to the 623 

epidemiological research demonstrating lower extremity injuries and sports such as 624 

football and basketball account for the most injuries.  Given that the only factor 625 

directly associated with injury in this study was reported previous injury, clinicians 626 

should continue to query athletes regarding their injury history.  Future research 627 

should focus on evaluating the reliability, predictive and convergent validity of the 628 

MRST, or another screening tool, if it is to potentially be considered a viable option 629 

for injury prevention within the military.   630 



 631 

References 632 

1.  Ardern CL, Taylor NF, Feller JA, Whitehead TS, Webster KE. Psychological 633 
responses matter in returning to preinjury level of sport after anterior cruciate 634 
ligament reconstruction surgery. Am J Sports Med. 2013;41(7):1549-1558. 635 
doi:10.1177/0363546513489284. 636 

2.  Bardenett SM, Micca JJ, DeNoyelles JT, Miller SD, Jenk DT, Brooks GS. 637 
FUNCTIONAL MOVEMENT SCREEN NORMATIVE VALUES AND VALIDITY IN 638 
HIGH SCHOOL ATHLETES: CAN THE FMSTM BE USED AS A PREDICTOR OF 639 
INJURY? Int J Sports Phys Ther. 2015;10(3):303-308. 640 

3.  Bauman J. Returning to play: the mind does matter. Clin J Sport Med Off J Can 641 
Acad Sport Med. 2005;15(6):432-435. 642 

4.  Bennell KL, Talbot RC, Wajswelner H, Techovanich W, Kelly DH, Hall AJ. Intra-643 
rater and inter-rater reliability of a weight-bearing lunge measure of ankle 644 
dorsiflexion. Aust J Physiother. 1998;44(3):175-180. 645 

5.  Brundage J. Absolute and Relative Morbidity Burdens Attributable to Various 646 
Illnesses and Injuries, U.S. Armed Forces, 2014. Med Surveill Mon Rep. 647 
2014;22(4):5-10. 648 

6.  Butler R, Arms J, Reiman M, et al. Sex differences in dynamic closed kinetic chain 649 
upper quarter function in collegiate swimmers. J Athl Train. 2014;49(4):442-650 
446. doi:10.4085/1062-6050-49.3.17. 651 

7.  Butler RJ, Contreras M, Burton LC, Plisky PJ, Goode A, Kiesel K. Modifiable risk 652 
factors predict injuries in firefighters during training academies. Work Read 653 
Mass. 2013;46(1):11-17. doi:10.3233/WOR-121545. 654 

8.  Cameron KL, Owens BD. The burden and management of sports-related 655 
musculoskeletal injuries and conditions within the US military. Clin Sports Med. 656 
2014;33(4):573-589. doi:10.1016/j.csm.2014.06.004. 657 

9.  Chorba RS, Chorba DJ, Bouillon LE, Overmyer CA, Landis JA. Use of a functional 658 
movement screening tool to determine injury risk in female collegiate athletes. 659 
North Am J Sports Phys Ther NAJSPT. 2010;5(2):47-54. 660 

10.  Clanton TO, Matheny LM, Jarvis HC, Jeronimus AB. Return to play in athletes 661 
following ankle injuries. Sports Health. 2012;4(6):471-474. 662 
doi:10.1177/1941738112463347. 663 

11.  Dill KE, Begalle RL, Frank BS, Zinder SM, Padua DA. Altered knee and ankle 664 
kinematics during squatting in those with limited weight-bearing-lunge ankle-665 



dorsiflexion range of motion. J Athl Train. 2014;49(6):723-732. 666 
doi:10.4085/1062-6050-49.3.29. 667 

12.  Dossa K, Cashman G, Howitt S, West B, Murray N. Can injury in major junior 668 
hockey players be predicted by a pre-season functional movement screen - a 669 
prospective cohort study. J Can Chiropr Assoc. 2014;58(4):421-427. 670 

13.  Gabbe BJ, Finch CF, Wajswelner H, Bennell KL. Predictors of lower extremity 671 
injuries at the community level of Australian football. Clin J Sport Med Off J Can 672 
Acad Sport Med. 2004;14(2):56-63. 673 

14.  Garrison M, Westrick R, Johnson MR, Benenson J. Association between the 674 
functional movement screen and injury development in college athletes. Int J 675 
Sports Phys Ther. 2015;10(1):21-28. 676 

15.  van Gent RN, Siem D, van Middelkoop M, van Os AG, Bierma-Zeinstra SMA, Koes 677 
BW. Incidence and determinants of lower extremity running injuries in long 678 
distance runners: a systematic review. Br J Sports Med. 2007;41(8):469-480; 679 
discussion 480. doi:10.1136/bjsm.2006.033548. 680 

16.  Hauret KG, Jones BH, Bullock SH, Canham-Chervak M, Canada S. Musculoskeletal 681 
injuries description of an under-recognized injury problem among military 682 
personnel. Am J Prev Med. 2010;38(1 Suppl):S61-S70. 683 
doi:10.1016/j.amepre.2009.10.021. 684 

17.  Hoch MC, Staton GS, McKeon PO. Dorsiflexion range of motion significantly 685 
influences dynamic balance. J Sci Med Sport Sports Med Aust. 2011;14(1):90-92. 686 
doi:10.1016/j.jsams.2010.08.001. 687 

18.  Hootman JM, Macera CA, Ainsworth BE, Martin M, Addy CL, Blair SN. Predictors 688 
of lower extremity injury among recreationally active adults. Clin J Sport Med Off 689 
J Can Acad Sport Med. 2002;12(2):99-106. 690 

19.  Jacobs CA, Uhl TL, Mattacola CG, Shapiro R, Rayens WS. Hip abductor function 691 
and lower extremity landing kinematics: sex differences. J Athl Train. 692 
2007;42(1):76-83. 693 

20.  Kodesh E, Shargal E, Kislev-Cohen R, et al. Examination of the Effectiveness of 694 
Predictors for Musculoskeletal Injuries in Female Soldiers. J Sports Sci Med. 695 
2015;14(3):515-521. 696 

21.  Konor MM, Morton S, Eckerson JM, Grindstaff TL. Reliability of three measures of 697 
ankle dorsiflexion range of motion. Int J Sports Phys Ther. 2012;7(3):279-287. 698 

22.  Lauder TD, Baker SP, Smith GS, Lincoln AE. Sports and physical training injury 699 
hospitalizations in the army. Am J Prev Med. 2000;18(3 Suppl):118-128. 700 



23.  Lisman P, O’Connor FG, Deuster PA, Knapik JJ. Functional movement screen and 701 
aerobic fitness predict injuries in military training. Med Sci Sports Exerc. 702 
2013;45(4):636-643. doi:10.1249/MSS.0b013e31827a1c4c. 703 

24.  McCullough KA, Phelps KD, Spindler KP, et al. Return to high school- and college-704 
level football after anterior cruciate ligament reconstruction: a Multicenter 705 
Orthopaedic Outcomes Network (MOON) cohort study. Am J Sports Med. 706 
2012;40(11):2523-2529. doi:10.1177/0363546512456836. 707 

25.  Myer GD, Brent JL, Ford KR, Hewett TE. Real-time assessment and 708 
neuromuscular training feedback techniques to prevent ACL injury in female 709 
athletes. Strength Cond J. 2011;33(3):21-35. 710 
doi:10.1519/SSC.0b013e318213afa8. 711 

26.  Myer GD, Ford KR, Hewett TE. Tuck Jump Assessment for Reducing Anterior 712 
Cruciate Ligament Injury Risk. Athl Ther Today J Sports Health Care Prof. 713 
2008;13(5):39-44. 714 

27.  Myer GD, Martin L, Ford KR, et al. No association of time from surgery with 715 
functional deficits in athletes after anterior cruciate ligament reconstruction: 716 
evidence for objective return-to-sport criteria. Am J Sports Med. 717 
2012;40(10):2256-2263. doi:10.1177/0363546512454656. 718 

28.  Nindl BC, Williams TJ, Deuster PA, Butler NL, Jones BH. Strategies for optimizing 719 
military physical readiness and preventing musculoskeletal injuries in the 21st 720 
century. US Army Med Dep J. December 2013:5-23. 721 

29.  O’Connor FG, Deuster PA, Davis J, Pappas CG, Knapik JJ. Functional movement 722 
screening: predicting injuries in officer candidates. Med Sci Sports Exerc. 723 
2011;43(12):2224-2230. doi:10.1249/MSS.0b013e318223522d. 724 

30.  Pirson J, Verbiest E. A study of some factors influencing military parachute 725 
landing injuries. Aviat Space Environ Med. 1985;56(6):564-567. 726 

31.  Pontillo M, Spinelli BA, Sennett BJ. Prediction of in-season shoulder injury from 727 
preseason testing in division I collegiate football players. Sports Health. 728 
2014;6(6):497-503. doi:10.1177/1941738114523239. 729 

32.  Roush JR, Kitamura J, Waits MC. Reference Values for the Closed Kinetic Chain 730 
Upper Extremity Stability Test (CKCUEST) for Collegiate Baseball Players. North 731 
Am J Sports Phys Ther NAJSPT. 2007;2(3):159-163. 732 

33.  Roy TC, Songer T, Ye F, et al. Physical training risk factors for musculoskeletal 733 
injury in female soldiers. Mil Med. 2014;179(12):1432-1438. 734 
doi:10.7205/MILMED-D-14-00164. 735 



34.  Santello M, McDonagh MJ, Challis JH. Visual and non-visual control of landing 736 
movements in humans. J Physiol. 2001;537(Pt 1):313-327. 737 

35.  Tarara DT, Hegedus EJ, Taylor JB. Real-time test-retest and interrater reliability 738 
of select physical performance measures in physically active college-aged 739 
students. Int J Sports Phys Ther. 2014;9(7):874-887. 740 

36.  Taylor J. Predicting athletic performance with self-confidence and somatic and 741 
cognitive anxiety as a function of motor and physiological requirements in six 742 
sports. J Pers. 1987;55(1):139-153. 743 

37.  Wadey R, Evans L, Hanton S, Neil R. Effect of dispositional optimism before and 744 
after injury. Med Sci Sports Exerc. 2013;45(2):387-394. 745 
doi:10.1249/MSS.0b013e31826ea8e3. 746 

38.  Warren M, Smith CA, Chimera NJ. Association of Functional Movement ScreenTM 747 
With Injuries in Division I Athletes. J Sport Rehabil. September 2014. 748 
doi:10.1123/jsr.2013-0141. 749 

39.  Wiese-Bjornstal DM. Psychology and socioculture affect injury risk, response, 750 
and recovery in high-intensity athletes: a consensus statement. Scand J Med Sci 751 
Sports. 2010;20 Suppl 2:103-111. doi:10.1111/j.1600-0838.2010.01195.x. 752 

40.  Wilkerson GB, Giles JL, Seibel DK. Prediction of core and lower extremity strains 753 
and sprains in collegiate football players: a preliminary study. J Athl Train. 754 
2012;47(3):264-272. doi:10.4085/1062-6050-47.3.17. 755 

 756 


	1 REPORT DATE DDMMYYYY: 23-02-2016
	2 REPORT TYPE: FINAL
	3 DATES COVERED From  To: 1-OCT-2014 - 30-OCT-2015
	4 TITLE AND SUBTITLE: The Musculoskeletal Readiness Screening Tool-Injury Predictor for United States Military Academy Preparatory Cadets?
	5a CONTRACT NUMBER: N/A
	5b GRANT NUMBER: N/A
	5c PROGRAM ELEMENT NUMBER: N/A
	6 AUTHORS: Terry, Aspen C., MPTKramer, Denny, PhD; Thelen, Mark; Moore, Josef, PhD; Shaffer, Scott, PhD; Goss, Donald, PhD
	5d PROJECT NUMBER: N/A
	5e TASK NUMBER: N/A
	5f WORK UNIT NUMBER: N/A
	7 PERFORMING ORGANIZATION NAMES AND ADDRESSES: US Military Baylor University Sports Medicine Physical Therapy ResidencyKeller Army Community HospitalBldg 900 Washington RoadWest Point, NY 10996
	8 PERFORMING ORGANIZATION REPORT NUMBER: N/A
	9 SPONSORING  MONITORING AGENCY NAMES AND ADDRESSES: AF Medical Research ProgramAir Force Surgeon GeneralDirectorate of Modernization7700 Arlington Blvd.Falls Church, Virginia 22042
	10 SPONSORMONITORS ACRONYMS: AFMSA/SG5M
	11 SPONSORMONITORS REPORT NUMBERS: N/A
	12 DISTRIBUTION  AVAILABILITY STATEMENT: Distribution A. Approved for public release; distribution unlimited.
	13 SUPPLEMENTARY NOTES: DSc Doctoral Research Defense
	14 ABSTRACT: BACKGROUND:Unique aspects of military service put our nation’s military at increased risk for injury that may not already be captured in the FMS and other injury prediction tools.  The Musculoskeletal Readiness Screening Tool (MRST) was developed to combine evidence from physical performance tests used to predict injury and tasks unique to military personnel.  Tests include the weight bearing forward lunge, modified deep squat, closed kinetic chain upper extremity stability test (CKCUEST), forward step down with eyes closed, stationary tuck jump, unilateral wall sit hold, and individual perceived level of risk for injury.  The Feagin hop and self-reported history of injury were added to the screen. PURPOSE: To examine whether MRST scores, as a composite or further broken down into individual components, were predictive of a United States Military Academy Preparatory School (USMAPS) cadet candidate sustaining a future musculoskeletal injury.  
	15 SUBJECT TERMS:  Musculoskeletal Readiness Screening Tool (MRST), Injury Predictor, Physical Performance Tests.
	16 SECURITY CLASSIFICATION OF: 
	a REPORT: U
	b ABSTRACT: U
	c THIS PAGE: U
	17 LIMITATION OF ABSTRACT: UU
	18 NUMBER OF PAGES: 32
	19a NAME OF RESPONSIBLE PERSON: Aspen C. Heger, Capt, USAF
	19b TELEPHONE NUMBER include area code: 845-938-3067


